PATENT ABSTRACTS OF JAPAN 



(11) Publication number : 10-219388 
(43)' Date of publication of application : 18.08.1998 

(51) Int. CI. C22C 3Q /° 0 

C21D 8/04 
C21D 9/46 



(21) Application number : 09-035711 ( 7 1 ) Applicant : NKK CORP 

(22) Date of filing : 05.02.1997 (72) Inventor : INOUE TAD AS HI 

SAWADA HIROSHI 



(54) STEEL SHEET EXCELLENT IN WORKABILITY AND MINIMAL IN 
FLUCTUATION IN WORKABILITY IN WIDTH DIRECTION AND ITS PRODUCTION 

(57) Abstract : 

PROBLEM TO BE SOLVED: To provide a steel sheet excellent in 
workability and uniform in workability in a width direction and 
applicable to use in press working requiring strict dimensional 
accuracy, and its production. 

SOLUTION: The steel sheet excellent in workability and minimal 
in fluctuations in workability in a width direction can be. 
obtained by providing a composition containing, by weight, £0.2% 
C, £1.0% Si, <3.0% Mn, <0.2% P, <0.1% S, <0.004% O, 0.01-0.1% 
sol.Al, and <0.02% N, controlling cleanliness to <0.05J>, 
regulating average crystalline grain size (D) to 5-35pm, and 
also regulating the fluctuations (Dmax/Dmin) in the average 
crystalline grain size in a coil-width direction to £2.0. 
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(74)f$SA 







(54) BBH®£M JEnttfcfctU ^oBnX^O«^TcD*S&^^Vi»«^J:rX^cr)Siig^ 



(57) iwm 

mm] ^mm^mL^ruxinummzhm^Ln 

Wf&^m MMXIZX. C : 0. 2%OT. S i : 
1. 0%OT. Mn: 3. 0%&T. P : 0. 2J2TF* 
S : 0. O:0. 0 0 4%J2TF\ so 1 . A 

1:0.01— 0.1%. N : 0 . 02 %BTFfc** 
U if #S : 0 . 0 5%OTT* 0 . ¥%feft«t& 
(D)^5-3 5jt/m, n >f ;K^B*|ftiroT^»ft3B 
Wry&m (Dmax/Dmin) #2. OJaTk^"* £ 4: fc£ 



(2) 



10-219388 



[^f*lii*o$SB3 

[fflfcj&Bl] Sfi%KT. C : 0. 2%&TF. S i : 
1 . 0%&T. Mn : 3. 0%KIT. P : 0. 2J2TF* 
S : 0 . 1 %&T\ 0:0.0 0 4%kH\ sol. A 
1 : 0 . 01-0. 1%. N : 0. 0 2%OTm 

t . m&m : o . 05 xbitt* o s T^Baas 

(D)#5— 35jum, 3>f ;U^)ilg^rr6]T'0 :E Pl^ B a B © 
(Dmax/Dmin) #2. 0J31T"C*S «I k 

[!»R^2] S£>k:Ti. Nb, V. Zr^3^1I 
4«i2SKUiS:0. 0 1 — 0. 4 %£*3rf& d k Sr# 

[|S^3g3] £^CB :0. 0001—0. 00 5% 

*#^t-*£kS:»ak-f£. aa»Bi*fciiiB*«2- 

mm%lzX. C : 0. 2%OT. S i : 
1. 0%KTF. Mn : 3. 0%JJIT. P : 0. 2%tX 

T> S : 0. 1 O : 0 . 0 0 4 %VXT . s o 

1 . A 1 : 0. 0 1—0. 1%. N : 0. 0 2%tXT* 

ttL*itt»g.: 0. 0 5%£lTcO«*aR«BtU^ 

r 3 jSKLht0ia«"C7 0 %BUL^ET*t-T 1 &flE®£ 

i 5 o°c^Hi*j , r'HSii^'r^x^ 
k . *<F>mzK r 3^LEi±<5oiarc 7 0 %a±<nj£rm 
izx2&^*mtTMt. 9is«*7 so^cjaT^a 

JTC«*]R&njKk**fllW-&Ckt»ak'*-6. JUT 

[IS^5 3 fi*%*CT. C : 0. 2%«T. S i : 
1 . 0%&T\ Mn : 3. 0%&T\ P : 0. 2%a 
T. S : 0 . 1 %£TF\ O:0. 004 %&T. s o 
1 . A 1 : 0. 0 1-0. 1%. N : 0. 0 2%J2TF£ 
f»J»JK: 0. 0 5%J2lT^)«l*aMHBfilx. » 

J3Lh<oiaae-c7 o%vxt<r>srmzx i-iWESSrfaLT 

5 0'C-l 1 5 OWSlrttSMt&XSl: . Z<0 

mzA r z &\a±<w&&x'i o%KX±.<oBLrmzx 2<x 

ttiXgkfcftffliU ifrlHEEffiU 9l*tt»?f 

[19^6 3 mm%liZX. C : 0. 2%i3T. S i : 
1. 0%KTF„ Mn : 3. 0 %&T\ P : 0. 2%£l 



T. S : 0 . 1 %JUT\ O:0.0 04%BIT, s o 
1. Al : 0. 01 — 0. 1%. N : 0. 0 2%&TF£ 

-r&tCgfU Ar 3 A- 1 2 0 O-COffiHrtTillgfe'ri* 

xg t . zcomzA r 3 j«J3Ub^)aarc 7 0 %ta±<^s. 

Tmizx 1 LTOWk "T &Xgk . 

ifflf^MAr 3 £+ 5 0*0-1 1 5 0°C^KHrt 
^WJl^iXfifc, ^mtCAr 3 ^01iOiaST7 

o%&±cosrmizx 2<xEm*ffi'tj:nt , bizuz 

7 5 O^T^iaJK-CSSJR&xekSrftflll-r&ikS: 

#ak-f&. anxtttcftfu ^oiaxtt^;frfa-e^ 

imsmn mMxizx. c : 0. 2%ot. s i : 

1. 0%OT. Mn : 3. 0%UT\ P : 0. 2%Kk 
T. S : 0 . 1 %J21T\ O:0. 004 0%ETF\ s o 

1 . A 1 : 0. 0 1 — 0. 1%. N : 0. 0 2%J2TF* 
**U 0. 0 5%tlT^77$:lSSffii 

-rsasu Ar 3 ^c- 1 2 o o^ccoeHrt-cinSR-r^ 
Tmzxiv^zmLximb'thJMb. *mtiz 

i»tft^Ar 3 ^+ 5 0*C-1 1 5 Ot^KHfl 
0%ELh^ffiTWwT 2&JE®£SarfX3Sk . 

7 5 o'cjaT^iaK'cssiR&xsk tftfliu *^>a 

4 , traxtefcrffifu ^ojnxtt^iB^fii wsaft**^ 

[|f^83 SfetTi, Nb, V. ZrO^^lS 

4feii2atLktb. 0 1-0. 4%**T*£kM» 
ffikf 4. IS*3S4*V^LiS^7^v^-m^l^l2 

^co. Iraxtt^flHi. *^lPXttcoS*r^^^saB^ 

[W*3S9] §^>CB:0. 0001—0. 005% 

Sr**-r*ck*i«ak-r6. it^4^^tif^i8 

[000 1] 

m^zmtz. 

[0002] 

$mwmiz& Kfemztix^z. zlx. *tit>comm 
{ l zi±7uxtoxxfmzti&&tttf&^teito. zco&tt 

coj&Vttz m txm« * JnXtt3&*B* ^ ti h . 
[000 3] L*>L=5r^^>. i6*«0S»W. 
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[0004] z<D£o%m&frt>. micrmx&im— 
mmTntmiami&MZQijiB&b 

&«> . 
[0005] 

[?mwiB&iL£ob~tz>mm i i LfrLWk* -^s 

(=iitt±BESTISBET : *<OEffi^fc«> . ^ >f > y 
[0006] CIO J: 3 fcr. =?>f ;l^)B^riftj-CffllftVtf 

comzj: vruxtnxmz&if&i^&^-Tffimmz 

[0007] *3gi5Bi. 3W»*»flKc«»T5SrSiifcfc 

L%h. mumzmti. ^tux^m^x^-^m 
m$xv*<rmkttt:im'ti>zbimmb't&. 

[0008] 

RHSSWlt-^aaRBfKSrfifafc. *<7>tt*. Sift 

BUT jDXtt Sr tttufc 1/ ^ -f & - b 
( 2 ) ¥i^fe B B&fI ( D ) t$ XV* 4 junmftlftTeW 

^m^m^comh (Dmax/Dmin) iftttrnftb-th 
[0009] -^LT. JJBL^iDXtt^fiHi. ^ojDX 

b-fhZb 

( 2 ) . i &Emmnmmi£&znm<7)&igm 



[ooio] ^/i. &mmm & tz iimm , #«ee 

( 1 ) ^^tt^ifl^iajg^J:^l»:E®T'OET¥ 

bufezmmb'thzb 

( 2 ) 31 & . 1 ^BEffia^*»^**W^iaJKE 

l&ffiffif*ro*-x-r:M h&go 

(3) ttOT. 2»CEBT<0£ET*. fflJ£&W£Ki&K 
fcSOBcLT, 2<XE®m w CO^03ltSS H a B ^J:^^ 

[001133 -hfB^J: -3(cLT 

[0012] *JMBii. ttTfl) ( 1 ) - 

(9) 

( 1 ) 3*%£T* C : 0. 2%OT. Si : 1 . 0% 
HT. Mn : 3. P : 0. 2 0XJSIT. S : 

0. 1 0%&T\ O:0. 0 04 0%£IT* s o 1 . A 

1:0.01—0.1 0%. N : 0. 02%EiT5:M 
U » : 0 . 0 5 %J2TPC* 0 . T^ttftSS 

( D ) # 5 — 3 5 ju m . 3 >f /l^ft^mTOTOtt AS 
mcD^m (Dmax/Dmin) #2. *** 
t&h^&. flDXttfcflH'U 36^1lnXttiO(i*rtlT<03B« 

xh%>* 

[00 13] (2) ( 1 ) £iHvt. %h\iZTi . N 
b. V. Zr^p^ia4Wi2«3Lb*0. 01- 

o. 4 0%^-t^zb^^mb^h. immzmi. 

36oanxtt^S*-[fii'C^?)Saft^ 3 S: v 

(3) ( 1 ) ifctt < 2) tCioV^T. Sfe^B : 0. 0 

ooi-o. 0 0 5%^-ir^^c:^^ : ^S:h*r^. in 
xmzmt. sCpojaxttcofi^ritaT^^^^v^ai 

[00 14] (4) C : 0. 2%tlT> S 

i : 1 . 0%13iTs M n : 3 . 0%£lT. P : 0 . 2 0 
%£XT. S : 0 . 10 %WT. O : 0 . 0 0 4 OXJU 
T. sol. Al : 0. 01—0. 10%. N : 0. 0 

2%iaT£^fru m&m-. o. osxiar^isrittt 
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LT . A r 3 jj^LbOiSKT" 7 0 %kU^)BET^T 1 

A r 3 j£+ 5 0°C- 1 1 5 O-C^KfflrtTSJl^-r 
6X!Sk . tcomzA r 2 £&Xk<?>UmX'7 0 %JJUi^ 
JET^T2<WES*Jfe^X§i:. 5i£$££7 5 0°C« 
T^SJgT'^ S B & Xg k £ ftffiTt 6 d k £ k "T 

iraxewftru *>oliDXe^iH*m"C<50Sa»3&*^ 

[ooi5] (5) nmxtex. C : 0. 2%&T. S 

i : 1 . 0%iyT. Mn : 3. 0%1^T> P : 0. 2 0 
%&T\ S : 0 . 1 0%£TF. 0:0. 0040%ti 
T\ sol.Al :0. 01—0. 10%. N : 0 . 0 

2XJaT***U aWME: 0. 0 5%jaTOM£5SR 

sm&mLxm^b^hJMt. znmzmm&co^ft 

^Ar 3 ^+ 5 O'C- 1 1 5 0X:cr>®!mftX*niN&t& 
Xgk. Z<omzAr 3 jm±C0i&)£X"7 0%VXkC0j± 

Tmzx 2<%&mzmtTMt . 3\*n* 7 5 oxz&r 

[0 0 16] (6) fiS%(CT. C : 0. 2%OT. S 
i : 1 . 0%J2TF\ Mn : 3. 0%&T . P : 0. 2 0 
%J2TF\ S : 0 . 1 0%OT. 0:0. 004 0%& 
T\ sol. Al :0. 01-0. 10%. N:0. 0 

2xist***u m&m: o. 05%aTcomx?zr 
zmasm-zizmL. Ar 3 ^i2oo*c^Kirt 

TMktiJMt. *<7>»lZAr 3 j&Xh<n&£.T7 0 
mh«>flET*fcT l»ffi®2:l«LT«9«k-r^XS 
k. ^Of^^lSO^:*$:Ar3^:+5 0 o C-l 1 5 

±coajKT7 o %£xt<7)j±rmzx 2<xEmzm-j:n 

k. ?l^g!^7 5 0 e CtJlT^JgT^^K^XSkSr* 

mth ^tztmt-t&. jpxtt^flHi . *»ojpxtt^ 

[00 17] (7 ) C : 0. 2%&TF. S 

i : 1 . 0%&T\ Mn : 3. P : 0. 2 0 

%WT\ S : 0. 1 0%J31T\ 0:0. 0 04 0%H 
T. sol. Al :0. 01—0. 10%. N:0. 0 

2%eiT***U 0. 0 5%WF<7>mX77 

imsEfe-tzizmt. Ar 3 jflc— i 2oox:<o«Hrt 
•cagR-t&xek . z^mzA r 3 jiSjaji^ffljKT7 o 

%ia±OBET*tcT l»ffli*rSILT«H*k^Xg 
k. *cO»(;B«l : »cO^*S:Ar3jS+5 0 , C~l 1 5 
0 o Cc0KHrtT*lfilIg6-r^XSk . -tOSfcA r 3 jjjiia 
ijnmSXl O%J2U:0>JEET¥CT 2#fiB££Jfrrx*i 
k. 7 5 0 , CJaT«OiaJK-C*S]RSXSk SrS 



£#ak-t&. aaxtttcflHx. ^ojnxtt^nB^itQ-c^ 

[0 0 18] (8) (4) - (7) fcrfcWC. SfclCT 
i. Nb. V. Zr<Odt>ia*fc«2BKUiS:0. 0 1 
-0. 40%t*n-:>:*:#Si:n, flflXtttdffi 
ix. 3&^jDXtt^B*W^^^=arv^lH«^»3t*' 

(9) (4 ) - (8) fcfcWC. : 0. 00 0 

1-0. 0 0 5%*tt-?Z>Ztt:imt't&. JflXtt 

[00 19] 

#**»ftW:±T\ ^&«^ffift^*S:iBaELTtFPX 
tSA&S (D) ^il^n>f;^{i^T^^H B a &@ 

(Dmax/Dmin) £«F®KHl*3 ki^k <fc*f 

[0020] ^^^CWK'il mS%tCT. C : 
0. 2%£TF. Si : 1. 0%£lT\ Mn: 3. 0%W 
T. P : 0 . 2 0%WT. S : 0 . 1 0%J3LT\ O : 
0.0 04 0%&T\ sol. Al :0. 01-0. 1 
0%. N : 0. 0 2%BTF. m&S.: 0. 0 5%l2lTk 
t. "T^ttSKS ( D ) £5-3 5 um. njfocomU 
faX'<D¥&&&n&<7>$m (Dmax/Dmin) £2. 0J31 

[0021] ( i ) mttmwt^msiL&iTsmftg. 

C : 0 . 2 %tlT 

c{ii3^jnxttc^^£^^7tSr$>^^d6. * 

6k. lno:tt^flS» s *L<«:6wk^fe. 

^ o . 2%&Tt Ltz. Jnxttofa±<^#><7) i 

U^KHJiO. 0 5%T&»9. iDXttSrSfetKVMxAC 
^ki"4«ji»»4>«0- 0 0 5%J3lTr*&ik*«-Jl 

[0 022] Si : 1 . 0%OT 

iS^l. 0%£®i.6k. Jnxtt^fla«FL<46 
^k*^. *^>#**ti. 0%JaTkLfe. iaxttco 

tox&zz^z&^\/<juti~hm&frt>i±o. 05% 

JaTT*-&dk^-ii»4 U\ 

[0023] Mn : 3. 0%OT 

=rrs^ snxtt^n»e*so'-r7cSTS>6. Mni 

^' 3 . 0 % £® £ h k . 3a*#±# U . SPXttO^W 



(5) nm^l 0-2 1 9 3 88 



fc. BnXtt<Offl±c0fcab<OJ: 9»* UMHB42. 0% 

jarrea*. Mretsfefcafv^^fc^iftftfrfe 

[00 24] P : 0. 2%tST 

0. 2X*Hi&fctt^WtJ:*a*IIWb^t^ 
<^r*. Lft^ot, PO^SfcO. 2%&TbL 
fc. MJ&?>A±0)t:*#>X >J#4U*«HliO. 1% 

0. 0 2%JaTT*>S^i:* s -Jl#*L^. 
[ 0 0 2 5 ] S : 0 . 1 %tlT 

xtt##Mtr*. LW-?Ts s<o****o. i%ja 

Tfc Lfc. jDXttcoiPi±cofc^ ± Off £ L^KBti 

0. 0 2%J2TFC*&. UPXttSr^^tcSVMx^h-r 
£ 6tt 0.01 % I) - i: ifi-mifr* L 

[0026] sol. Al :0. 01 — 0. 1% 

soi. a i imcommtt Lx&mzti. s^utt 

^^^^^^SDtc^T**^* UpU 0. 0 1%* 
ilTttJJEL«d»«*«»fe*L-f. 0. lXttti 

Zk*<VSm&imLXim&b%&. J:^T. so 

1. A1C0***S:0. 0 1—0. l%ttfz. 
[00 27] N : 0. 0 2%&TF 

ftHi h bmmmmmm^wm lx n itwsz. lx *> 

Sr 0 . 0 2%&Tt Ltz. lraXtt^m±^jfctf><9 J: Off 
£U*«Bli0. 0 0 5XfilTC*6. 
[0028] O:0. 004 %OT 

o*i^co*M#^^ia^inxtt(c»LTttff* L 

V*. OMO. 0 0 4%S3Bi*t:«HfiOjDXtt^fiT 
3«»«rfHrV\ iot, O*^r*S:0. 0 0 4%OT 
at d^J^&eBOO^Ste. ±IBso 1 . A 
1 fcfc: J: 

[0029] iff^jg : 0 . 0 5%&T 
m»BU&. J I S GO 5 5 5<7)J?mTmfe2tl& t><0 

xh o . *&mzm>x\±mvtzmL& 

ic&tzth. 0. 0 5%$r±RBh-ri>« > ^^i^KiO 

mz&frwmzmmzftozbtzxom&LZtih. jdx 

&CD&l±V>tzMZ X 9ff£ tv WS^Klli: 0.03 
[0030] fSIWiflh LTii. XfEL^J&frdflD 
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CLAIMS 



(57) [Claim(s)] 

[Claim 1] In weight %, C:0.2% or less, less than [ Si:1.0% ], less than [ Mn:3.0% ], P:0.2 or less, 
S:0.1% or less, 0:0.004% or less, sol.aluminum:0.01-0.1%, A steel plate with little [ that contain 
N:0.02% or less, are less than / cleanliness:0.05% /, and the diameter of average crystal grain (D) 
excels / fluctuation / (Dmax/Dmin) / of 5-35 micrometers and the diameter of average crystal 
grain in the cross direction of a coil / in the workability characterized by being 2.0 or less ] 
fluctuation in the cross direction of workability. However, Dmax is the maximum of the diameter 
of average crystal grain in the cross direction, and Dmin is the minimum value of the diameter of 
average crystal grain in the cross direction. 

[Claim 2] The steel plate with little [ excelling in workability according to claim 1 ] fluctuation in 
the cross direction of workability characterized by furthermore containing one sort or two sorts 
or more 0.01 to 0.4% among Ti, Nb, V, and Zr. 

[Claim 3] The steel plate with little [ excelling in workability according to claim 1 or 2 ] 
fluctuation in the cross direction of workability characterized by containing further B:0.0001 - 
0.005%. 

[Claim 4] In weight %, C:0.2% or less, less than [ Si:1.0% ], less than [ Mn:3.0% ], P:0.2% or less, 
S:0.1% or less, 0:0.004% or less, sol.aluminum:0.01-0.1%, After containing N:0.02% or less and 
carrying out continuous casting of the steel not more than cleanliness:0.05%, the obtained steel 
slab is faced hot-rolling directly. The process which performs primary rolling with 70% or more of 
rolling reduction at the temperature of three or more Ar(s), and is made into a steel strip, The 
process which reheats this whole steel strip after that within the limits of three-Ar +50 degrees 
C - 1150 degrees C, The manufacture approach of a steel plate with little [ after that / excelling 
in the workability characterized by providing the process which performs secondary rolling with 
70% or more of rolling reduction at the temperature of three or more Ar(s), and the process 
succeedingly rolled round at the temperature of 750 degrees C or less ] fluctuation in the cross 
direction of workability. 

[Claim 5] In weight %, C:0.2% or less, less than [ Si:1.0% ], less than [ Mn:3.0% ], P:0.2% or less, 
S:0.1% or less, 0:0.004% or less, sol.aluminum:0.01-0.1%, Contain N:0.02% or less, carry out 
continuous casting of the steel not more than cleanliness:0.05%, and the obtained steel slab is 
faced hot-rolling directly. The process which performs primary rolling with 70% or more of rolling 
reduction at the temperature of three or more Ar(s), and is made into a steel strip, The process 
which reheats this whole steel strip after that within the limits of three-Ar +50 degrees C - 1 1 50 
degrees C, The process which performs secondary rolling with 70% or more of rolling reduction at 
the temperature of three or more Ar(s) after that, The manufacture approach of a steel plate 
with little [ excelling in workability ] fluctuation in the cross direction of workability which 
possesses the process succeedingly rolled round at the temperature of 750 degrees C or less, 
cold-rolls after that and is characterized by carrying out recrystallization annealing succeedingly. 

[Claim 6] In weight %, C:0.2% or less, less than [ Si:1.0% ], less than [ Mn:3.0% ], P:0.2% or less, 
S:0.1% or less, 0:0.004% or less, sol.aluminum:0.01-0.1%, The process which N:0.02% or less is 
contained, and it faces hot-rolling the steel slab not more than cleanliness:0.05%, and is heated 
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within the limits of three - 1200 degree C of Ar(s), The process which performs primary rolling 
with 70% or more of rolling reduction at the temperature of three or more Ar(s) after that, and is 
made into a steel strip, The process which reheats this whole steel strip after that within the 
limits of three-Ar +50 degrees C - 1150 degrees C, The manufacture approach of a steel plate 
with little [ after that / excelling in the workability characterized by providing the process which 
performs secondary rolling with 70% or more of rolling reduction at the temperature of three or 
more Ar(s), and the process succeeding!*/ rolled round at the temperature of 750 degrees C or 
less ] fluctuation in the cross direction of workability. 

[Claim 7] In weight %, C:0.2% or less, less than [ Si:1.0% ], less than [ Mn:3.0% ], P:0.2% or less, 
S:0.1% or less, 0:0.0040% or less, sol.aluminum:0.01-0.1%, The process which N:0.02% or less is 
contained, and it faces hot-rolling the steel slab not more than cleanliness:0.05%, and is heated 
within the limits of three - 1200 degree C of Ar(s), The process which performs primary rolling 
with 70% or more of rolling reduction at the temperature of three or more Ar(s) after that, and is 
made into a steel strip, The process which reheats this whole steel strip after that within the 
limits of three-Ar +50 degrees C - 1150 degrees C, The process which performs secondary 
rolling with 70% or more of rolling reduction at the temperature of three or more Ar(s) after that, 
The manufacture approach of a steel plate with little [ excelling in workability ] fluctuation in the 
cross direction of workability which possesses the process succeedingly rolled round at the 
temperature of 750 degrees C or less, cold-rolls after that, and is characterized by carrying out 
recrystallization annealing succeedingly. 
[Claim 8] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is excellent in workability, and relates to the steel plate 
with little fluctuation and its manufacture approach in the cross direction of workability. 
[0002] 

[Description of the Prior Art] Hot rolled sheet steel and cold rolled sheet steel are widely used 
for the automobile, the industrial machine, etc. And since those applications have many members 
fabricated by press working of sheet metal, various workability is required according to the 
configuration of the member. 

[0003] However, the demand of the rationalization from manufacturers, such as an automobile in 
recent years and an industrial machine, is severe, and the further improvement in the yield in the 
time of manufacture of the product in this manufacturer is called for especially. From such a 
background, a homogeneous high thing is important especially in respect of the quality of the 
material. 

[0004] From such a viewpoint, whenever [ in hot-rolling / stoving temperature ] is conventionally 
made into low temperature, and rolling reduction in finishing rolling is made high in order to make 
workability of an ingredient into homogeneity, and it quenches after rolling termination, and rolls 
round at an elevated temperature comparatively, and cold-rolling and the technique of annealing 
are proposed after that (JP,7-56055,B). 
[0005] 

[Problem(s) to be Solved by the Invention] However, with this technique, although the 
homogeneity of the longitudinal direction of a coil improves, there is a problem in the 
homogeneity of the width direction of a coil. That is, with this technique, whenever [ in hot- 
rolling / stoving temperature ] is made into low temperature, the fall of the edge of a coil and the 
temperature in that near is still more remarkable because of rolling of the rate of the bottom of 
high pressure with finish rolling, and the problem in which an organization differs in the cross 
direction of a coil as a result arises. 

[0006] Thus, if an organization differs in the cross direction of a coil, the homogeneity in the field 
of the workability in an ingredient becomes low, and it sets to a pressed part especially with 
severe dimensional accuracy, and since workability is low, near the crosswise edge of the coil at 
the time of press working of sheet metal, a problem will arise according to the difference of the 
cross direction of springback to a width-of-face center section in the dimensional accuracy of 
the processing components after press working of sheet metal. Therefore, ****** within a coil 
cannot be performed by low yield which does not include near the crosswise edge of a coil. 
[0007] This invention aims at excelling in the workability which is made in view of this situation 
and may also suit a press-working-of-sheet-metal application with severe dimensional accuracy, 
and offering the steel plate uniform [ crosswise ] and its manufacture approach of workability. 
[0008] 

[Means for Solving the Problem] this invention person etc. repeated research wholeheartedly 
that the technical problem mentioned above should be solved, consequently, in order to perform 
product extraction from a coil by the high yield, in view of the service condition in manufacturers, 
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such as an automobile and an industrial machine (1) Fluctuation (Dmax/Dmin) of the diameter of 
considering-as level which adjusted nonmetallic inclusion and was excellent in workability after 
optimizing component in steel (2) average crystal grain (D), and the diameter of average crystal 
grain in the cross direction of a coil is made into specific within the limits (however). Dmax found 
out that the minimum value of the diameter of average crystal grain in the cross direction was 
required for the maximum of the diameter of average crystal grain in the cross direction, and 
Dmin respectively. 

[0009] Excel in the above-mentioned workability and and the steel plate with workability uniform 
[ crosswise ] In the manufacture approach which hot-rolls continuous casting slab directly (1) 
The rolling temperature and rolling reduction of primary rolling in hot-rolling are made proper. 
The whole material after primary rolling is heated succeedingly in a specific temperature 
requirement, using austenite particle size after primary rolling as a fine grain — (2) — Thing (3) 
which raises the homogeneity of the austenite particle size after primary rolling then rolling 
reduction in secondary rolling, temperature, and winding temperature are made proper. It is a fine 
grain about the austenite particle size by the repeat recrystallization after secondary rolling, and 
found out being attained by freezing the organization as homogeneity. 

[0010] Moreover, it sets to the manufacture approach of heating the slab obtained by continuous 
casting or ingot making, and slabbing, for example. (1) The rolling reduction and temperature in 
whenever [ in hot-rolling / stoving temperature ], and primary rolling are made proper. The whole 
material after primary rolling is heated succeedingly in a specific temperature requirement, using 
austenite particle size after primary rolling as a fine grain — (2) — Thing (3) which raises the 
homogeneity of the austenite particle size after primary rolling then rolling reduction in 
secondary rolling, temperature, and winding temperature are made proper. It is a fine grain about 
the austenite particle size by the repeat recrystallization after secondary rolling, and found out 
being attained by freezing the organization as homogeneity. 

[0011] Furthermore, in cold rolled sheet steel, it found out being attained by giving cold rolling 
and recrystallization annealing, using as a material the hot rolled sheet steel obtained as 
mentioned above. This invention is made based on such knowledge. 
[0012] That is, this invention offers the following (1) - (9). 

In weight %, (1) C:0.2% or less, less than [ Si:1.0% ], less than [ Mn:3.0% ] f P:0.20% or less, S:0.10% 
or less, 0:0.0040% or less, sol.aluminum:0.01-0.10% and N:0.02% or less are contained. Cleanliness: 
A steel plate with little [ that are 0.05% or less and the diameter of average crystal grain (D) 
excels / fluctuation / (Dmax/Dmin) / of 5-35 micrometers and the diameter of average crystal 
grain in the cross direction of a coil / in the workability characterized by being 2.0 or less ] 
fluctuation in the cross direction of workability. However, Dmax is the maximum of the diameter 
of average crystal grain in the cross direction, and Dmin is the minimum value of the diameter of 
average crystal grain in the cross direction. 

[0013] The steel plate with little [ excelling in workability ] fluctuation in the cross direction of 
workability characterized by containing one sort or two sorts or more 0.01 to 0.40% among Ti, Nb, 
V, and Zr further in (2) and (1). 

The steel plate with little [ excelling in workability ] fluctuation in the cross direction of 
workability characterized by containing further B:0.0001 - 0.005% in (3), (1), or (2). 
[0014] In weight %, (4) C:0.2% or less, less than [ Si:1.0% ], less than [ Mn:3.0% ], P:0.20% or less, 
S:0.10% or less, 0:0.0040% or less, After containing sol.aluminum:0.01-0.10% and N:0.02% or less 
and carrying out continuous casting of the steel not more than cleanliness:0.05%, the obtained 
steel slab is faced hot-rolling directly. The process which performs primary rolling with 70% or 
more of rolling reduction at the temperature of three or more Ar(s), and is made into a steel 
strip, The process which reheats this whole steel strip after that within the limits of three-Ar 
+50 degrees C - 1150 degrees C, The manufacture approach of a steel plate with little [ after 
that / excelling in the workability characterized by providing the process which performs 
secondary rolling with 70% or more of rolling reduction at the temperature of three or more Ar(s), 
and the process succeedingly rolled round at the temperature of 750 degrees C or less ] 
fluctuation in the cross direction of workability. 

[0015] In weight %, (5) C:0.2% or less, less than [ Si:1.0% ], less than [ Mn:3.0% ], P:0.20% or less, 
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S:0.10% or less, 0:0.0040% or less, Contain sol.aluminum:0.01-0.10% and N:0.02% or less, carry out 
continuous casting of the steel not more than cleanliness:0.05%, and the obtained steel slab is 
faced hot-rolling directly. The process which performs primary rolling with 70% or more of rolling 
reduction at the temperature of three or more AKs), and is made into a steel strip, The process 
which reheats this whole steel strip after that within the limits of three-Ar +50 degrees C - 1 150 
degrees C, The process which performs secondary rolling with 70% or more of rolling reduction at 
the temperature of three or more Ar(s) after that, 



http://www4.ipdl. ncipi. go jp/cgi-bin/tran_web_cgi_ejje 2005/05/26 



. JP,3287257,B [EXAMPLE] 





1/2 s<— v 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Example] Next, the concrete example by this invention is explained below, comparing with the 
example of a comparison. It hot-rolled and cooled on the conditions which show the steel 
(ingredient No. 1-1 6) which has the chemical composition and cleanliness which are shown in 
Table 1 in Table 2, rolling-up processing was performed, and the diameter of crystal grain of a 
hot-rolling plate was measured about ingredient No.1~6. In addition, ingredient No.1 and 
ingredient No.7 hot-rolled directly after casting. Fluctuation (Dmax/Dmin) of the diameter of 
average crystal grain measured the mean particle diameter (D) of the cross direction of a hot- 
rolling plate, and asked for it by breaking the maximum by the minimum value. Moreover, about 
ingredient No.7-16, cold rolling and annealing were performed on the conditions which show a 
hot-rolling plate in Table 2 after acid washing, and the diameter of crystal grain was investigated 
like ingredient No.1-6. 

[0055] the case where a test piece is extracted from the crosswise center section and edge of 
the above-mentioned hot-rolling plate and a cold-rolled plate, the springback include angle after 
bending is measured as evaluation of a press-forming article, "press-forming nature's being very 
good" and its difference exceed once when the difference is 1 or less time, and it comes out, 
and is 2 or less times — "press-forming nature is good" and 2 times — exceeding — it is — the 
case was evaluated as "press-forming nature is a defect." The result was collectively shown in 



[0056] In the steel plate concerning this invention, a crack did not arise in bending but excelling 
in workability was checked so that clearly from Table 2. Moreover, the difference of the cross 
direction of a pulling back include angle became 2 or less times, and excelling in the homogeneity 
of the press-forming nature in the cross direction was checked. 



EXAMPLE 



Table 2. 



[0057] 
[Table 1] 
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ftsttUl (wt%) 










(dt) 


No. 


C 


Si 


Mil 


s 


P 


o 


SOLA1 


N 


Ti 


Nb 


B 


V 


T mm. 

Zr 


1* 


0.0030 


0.01 


0.10 


0.011 


0.004 


0.0024 


0.023 


0.0030 


- 










0.010 


2* 


0.0910 


0.01 


0.50 


0.010 


0.100 


0.0020 


0.027 


0.0042 


- 










0.1/1 U 


3* 


0.002 a 


0.25 


2.00 


0.003 


0.075 


0.001 9 


0.040 


0.003Z 


0.070 










0.02 D 


4* 


0.0900 


0.0S 


1.55 


0,006 


0.010 


0.0021 


0.039 


0.0021 


— 










0.010 


5* 


0.0980 


0.50 


1.40 


0.011 


0.015 


0.0025 


0.032 


0.0025 


— 










0.040 


6* 


0.0960 


0.50 


1.42 


0.010 


0.014 


0.0024 


0.035 


0.0024 


— 










0.075 


7 


0.0510 


0.02 


020 


0.005 


0.014 


0.0026 


0.053 


0.0045 


— 










0.024 


8 


0.0031 


0.01 


0.14 


0.010 


0.070 


0,0028 


0.045 


0.0012 


- 










0.020 


9 


0.0220 


0.02 


0.15 


0.016 


0.017 


0.0030 


0,041 


0.0030 


- 




0.0020 






1\ ftftC 

0.02s 


10 


P.0029 


0.01 


0.15 


0014 


0.017 


0.DQ27 


0.045 


0.0023 


0.010 


0.018 


0.0002 






o.ozo 


11 


0.0041 


0.02 


0.15 


0.015 


0.015 


0.0030 


0.025 


0.0024 


0.070 




0.0003 






0.023 


12 


0.0021 


0.01 


0.65 


0.010 


0.040 


0.0025 


0.062 


0.0020 












0.022 


13 


0.0930 


0.20 


0.75 


0.005 


0.070 


0.0031 


0,043 


0.Q035 












0.024 


14 


0.0011 


0.02 


0.18 


0.014 


0.012 


0.0025 


0.045 


0.0177 










0.139 


0.030 


15 


0.0029 


0.01 


0.15 


0.014 


0.017 


O.0027 


0.045 


0.0023 


0.010 


0.018 


0.0002 






0.020 


16 


0.0025 


0.01 


0.18 


0.011 


0.010 


0.0021 


0.033 


0.0022 








0.0200 




0.015 



•bii 



[0058] 
[Table 2] 



No. 










m. 

ra 


W 




D(jum) 


Dmax/Dm i n 


7VX 




K) 


& 

{%) 


tm 

CC) 


m. 


ST 

m 
«> 


PC) 


1* 




84 


950 


1050 


92.6 


920 


680 






15 


1.8 


AH 


mm 


2 


1100 


84 


950 


1000 


92.6 


910 


600 






8 


O 


mm 


mm 


3 


950 


84 


840 


940 


92.6 


850 


680 






10 


1.3 


mm 




4 


1000 


84 


900 


1000 


92.6 


900 


600 






7 


1.2 






5 


1200 


84 


1050 


1100 


92.6 


900 


680 






6 


1.3 


mm 




6 


1200 


84 


1050 


1100 


92.6 


900 


680 






7 


1.4 


tm 


m 


7** 




84 
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950 


92.6 


850 


680 


80 


730CX2085 


18 


1.8 


w 




8 


1050 


84 


930 


1020 


92.8 


920 


580 


80 


730CX20HQ 


20 


1.7 


mm 




9 


950 


80 
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950 


93.2 


B50 


580 


80 


850CX3O0 


17 


1.4 


mm 




10 


1100 


80 


,1000 


1100 


932 


950 


680 


60 


850CX3O0 


20 


15 


mm 


mm 


11 


1050 


80 


930 


1040 


93.2 


950 


680 


80 


850CX309 


30 


1.7 


mm 


ma 


12 


1000 


75 
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94.5 
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80 


850CX30& 


16 


1.4 
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tm 


13 
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84 
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92.6 
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80 
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12 


1.3 


mm 


mi 


14 
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84 
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680 


80 
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30 
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15 
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80 


B50CX30& 


17 


2.1 




WW 


16 
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84 


t040 
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B90 
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80 


8000X309 


25 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the relation of the difference (deltatheta) of the cross direction of 
Dmax/Dmin and a springback include angle. 

[Drawing 2] Drawing showing distribution of the diameter of crystal grain in the coil cross 
direction of this invention material and comparison material. 

[Drawing 3] Drawing showing the relation between whenever [ in hot-rolling / stoving 
temperature ], and, whenever [ stoving temperature / of a rough rolled-steel band ]. 



[Translation done.] 
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"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 
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[Drawing 3] 
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